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Abstract 


The presentation reviews some inventions” within 
reflector antennas and feeds that represented a large 
step forward when they were introduced, in terms of both 
performance and industrial or scientific usefulness. 
The fundamental design principles as well as the 
actual solutions will be overviewed in a simple 
manner. The overview covers dipole-disk with ring 
for ship Earth stations, corrugated horns, 58-۵ 
antennas for radio links, and wideband log-periodic 
eleven feed for SKA and VLBI 2010 radio 
telescopes. The inventions can in all cases be 
associated with simple fundamental EM principles, 
and an Improvement of a fundamental sub- 
efficiency. 
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Purpose and content 


e Show how basic science can give successful 
industrial spin-offs 


— Three personal examples 


Reason: Innovations in industry requires also 
— Out of box thinking 
— Think different 


— the Crazy Ones cause the big breakthroughs 


* | hope that this talk can inspire young 
engineers/scientists to work with SKA and to 
commercialize ideas originating from SKA 


Apple s “Think different” 
601 07 
in year 2000 


e Because the people who are crazy 
enough to think they can change the 


world, are the ones who do. 
e Steve Jobs 





Background of this talk 


Worked with Tor Hagfors, Cornell Univ. (died 2007) 

— 1977-82: PhD on EISCAT ionospheric radar 

— 1982-94: Projects on Arecibo radio telescope 
Several industrial projects 

— 1982-89: With companies in Norway 

— Since 1989: With Ericsson, and own start-ups in Sweden 
Collaboration with Sander Weinreb, Caltech 

— 2003-2007: On compact wideband “Eleven feed” for SKA 
Collaboration with Arnold van Ardenne & Co ar Astron in NL 

— Since 2005: on efficiencies in focal plane arrays 

— 2006: Arnold became Adjunct Professor at Chalmers 

— 2007 SKADS Workshop: Contributions 

— 2011: Marianna lvashina and Rob Maaskant joined my research group. 





Content 


Keys to success with inventions In my case 

— Basic principles (wire grid, PEC/PMC grid) 

— Characterization: Subefficiencies 

EISCAT VHF antenna (wire grid, two rods) 

— Wire grid » ring for INMARSAT Ship Earth station antenna 


Gregorian feed of Arecibo radio telescope 
— Corrugated horns = soft & hard surfaces 9 PEC/PMC strip grids 


— Mathematical model of line feeds = successful hat feed for radio 
links 


SKA 
— decade bandwidth = logperiodic antennas => eleven feed 
— Focal-plane arrays & MIMO arrays = decoupling efficiency 


Keys to success with Inventions in my case 


* Projects with scientific instruments and interaction with their users 
e Very basic EM principles 
Polarization-dependent PEC wire grid 
Polarization-independent PEC/PMC wire grid 
Rethinking of the logperiodic antenna 

— BOR antennas 
٭‎ Characterization 

— We need to quantify good and bad 

— Related to physical phenomena 
e Protection 

— Patent protection defines ownership 

— Makes it easier to defend most places in the world 
e Commercialization 

— The ultimate proof of usefulness 


oubefficiencies of Paraboloids 
and Cassegrain Antennas 


similar formulas apply to general multi-reflector systems. 


Factorization of feed efficiency: Cp e pep تبیہ‎ 


Spillover, polarization, illumination and phase eff. 


Spillover efficiency e. 
Relative spillover power is given by ] 一 e 
Iypically between -0.05 dB and -0.5 dB. 
Major contributor to the antenna noise temperature. 


Sp 
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— Basic principles (wire grid, PEC/PMC grid) 

— Characterization: Subefficiencies 

EISCAT VHF antenna (wire grid, two rods) 

— Wire grid = ring for INMARSAT Ship Earth station antenna 


Gregorian feed of Arecibo radio telescope 
— Corrugated horns = soft & hard surfaces 9 PEC/PMC strip grids 


— Mathematical model of line feeds = successful hat feed for radio 
links 


SKA 
— decade bandwidth = logperiodic antennas = eleven feed 
— Focal-plane arrays & MIMO arrays = decoupling efficiency 
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Reflection and transmission properties of 
wire grids (non-gracing incidence) 


E-field polarization 
Canonical surface 























VERtical HORizontal 
Perfect Electric 
Conductor (PEC) STOP (reflects) STOP (reflects) 
Horizonta PES GO (passes) STOP (reflects) 





























wire grid 


ATTI 


The lines in the table shows the direction of the wires in the grid. 






























































































































































































































































































































































































































































Radiation 
pattern of line 
feed in n aa 
transverse COME CIS uA d 
plane (1980): | i 


BEAM PATTERN (dB) 
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longitudinal 
and transverse 
polarisation 





BEAM PATTER 
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The longitudnal rods 
work as a wire grid, 
shaping the far field of 
the longitudinal 
polarization, and not the 

transverse one. ER کت‎ F ae 





— MEASURED 
^ COMPUTED 





Aperture efficiencies from transverse 
element patterns 
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Transv. pol. Long. pol. 
Spillover nsp 0.9273 -0.30 dB 
, L 
4 8 
Illumination 411] 0.9414 0.26 dB 
Polarization "ipo 1.0000 -0.00 dB 
-0.00 dB 





Transverse phase errors Neg 0.9998 
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Ca 1980: Small efficient resonant 
reflector antenna with dipole-disk feed 
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The ring 
makes the 
E- and H- 
plane 
patterns 
equal 


(works as a 
conical 
surface of 
rings) 


Resonant reflectors can be very efficient 
and influence system design strongly 
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reflector of same gain 






Radome with 
Standard small 
reflector 
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Moment method 


(i.e. Incl.also feed scattering 





APERTURE EFFICIENCY (dB) 


In small primary-fed 
reflectors multiple 
reflections between 
feed and reflector can 
be used to increase 

gain. ge 





j 2.5 3.0 
FEED POSITION — Z,zF*0.285 À IA] 





The encircled 8.0 4.0 5.0 6.0 
CORRESPONDING REFLECTOR DIAMETER D/A 
resonance was used. 
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Keys to success with inventions in my case 

— Basic principles (wire grid, PEC/PMC grid) 

— Characterization: Subefficiencies 

EISCAT VHF antenna (wire grid, two rods) 

— Wire grid » ring for INMARSAT Ship Earth station antenna 


Gregorian feed of Arecibo radio telescope 
— Corrugated horns = soft & hard surfaces 9 PEC/PMC strip grids 


— Mathematical model of line feeds = successful hat feed for radio 
links 


SKA 
— decade bandwidth = logperiodic antennas = eleven feed 
— Focal-plane arrays & MIMO arrays = decoupling efficiency 





Platform with old 300 MHz line feed (left 
and enclosure with dual-reflector feed inside (right 








Platform with old 300 MHz line feed (left 
and enclosure with dual-reflector feed inside (right 









1982-88: Methods for design 
and analysis of Gregorian 


dual-reflector feed 
18. 
1-8 


Broadband 
SOFT 


corrugated 
primary feed 


(Ying, 
A. Kishk and 


P-S. Kildal, 
1995) 





Ying s:feed, 9 to 17 GHz 
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Realization of soft and hard surfaces 
with corrugations (1988) (metamaterials) 


Soft STOP surface (left) Hard GO surface (right) 
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Transverse Longitudinal 
air-filled corrugations dielectric-filled corrugations 





PEC/PMC strip model of ideal 
soft and hard surfaces (2003) 


* [deal soft surface * [deal hard surface 
= polarization-independent = polarization-independent 
STOP surface GO surface 





Current fences Current lanes 


strip period — 0 


2005: Table for comparing surfaces 
with respect to propagation along surfaces 
ERC funded GAP WAVEGUIDES are results of this table 








E-field Polarization 


VER or TM | HOR or TE 


Canonical Surface 





PEC/PMC | SOFT -yyyy 

Strip erid FIA ID 

PMC-type 
EBG 


The lines in the table shows the direction of the PEC/PMC wires in the grid. 
The EBG surface contains mushrooms (patches w/vias), illustrated as yellow squares. 





Canonical surface E-field polarization 
(non-gracing incidence) VERtical HORizontal 


Perfect m 0 STOP (reflects) STOP (reflects) 


Horizontal PEC wire ii li MM 


_ STOP (otacts) GO (pas 


Canonical Surface E- ہہ‎ Polarization 
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Hat feed 1s a result of Kildal's 
theoretical modeling av the Arecibo line feeds 
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Study of Element Patterns and Excitations of the 
Line Feeds of the Spherical Reflector Antenna 
in Arecibo 


PER-SIMON KILDAL, SEMIOR MEMBER, ۷ 


Abstract—The element patterns of tbe ciroularty polarised lime feeds 
for the spherical reflector in Arecibo are cabculsted, showing stroag 
endfire radiation. The radiation fields of tbe lime feeds are thes obtained 
by adding up the contributions from of chemrets. The optimum 
excitation of {be fred is found by an approximate elemeye 
solution of the radiation field, This shows that (he chemeeet patters gives a 
large phase contribution to the excitation, because of ibe fieite diameter 
of the feed, If not corrected for, ihis phase error cas canse bosses sp to 1.5 
dB. The excitation is optimized further by curting and trying. The validity 
of the analytical models is checked by calculation of the radiatios patters 
of the existing 96.6 f 430 MHz feed. The excitation is modeled from 
measured phases along the feed. The calculated radiation patteres show 
good agreement with the measurements, including the phase errors amd 
the dip in the center. By using the proposed mew excitation H sbosid be 
possible to increase the efficiency of tbe 96.6 有 feed by 0.7 dB and to 
increase the efficiency of the 40 fi feeds at higher frequencies by even 
more. 
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I. INTRODUCTION 


HE ANTENNA of the Arecibo observatory is a spherical 
reflector with an aperture diameter of 1000 ft and a radius 
of curvature of the surface of 870 ft. The spherical reflector is 
fed by line feeds which correct for the aberrations introduced 
by the spherical shape of the reflector. The first good line 
feeds were 40 ft long slotted thin rectangular waveguides [1] 
which illuminated 700 ft of the available 1000 ft diameter 
aperture. For circular polarization square or circular wave- 
guides must bc used. lem then is to excite the fields with 
correct azimuthal ence, as pointed out by McCormick i 
[2]. This problem was solved by Love [3] in his successful - - 

96.6 ft long design at 430 MHz which illuminated the Fig. I1. (2) Photo of existing 96. ft De feed. 0) Crom section of line feed 
complete 1000 ft diameter aperture (Fig. 1(a)). Love's feed is (c) Model for calculamon of ncisted ciemrat ponere 

a slotied circular waveguide with circumferential plates or fins 

between the slots along the cylinder. These fins act as radial — ft diameter aperture. The purpose of this paper is to study the 
waveguides which provide the correct phasing between the radiation from the circularly polarized line feeds and thereby 
fields in the E- and Z-plane. However, the circularly — to find the reason for the central underillumination 

polarized feed shows a severe underillumination of a 300 fi In this paper the circularly polarized line feed is studied as a 
diameter central region of the aperture. This underillumination transmitting array antenna. An array antenna can be analyzed 
is also present in line feeds at higher frequencies, The results in terms of the clement pattern. According to [4, p. 295] the 
are low aperture efficiency and severely high sidelobes. The clement pattern can be considered either as that of an isolated 
performance is particularly bad for the 40 ft long feeds where — element with the other elements absent or as that of an element 
the underilluminated area is 20 percent of the illuminated 700 located in its environment with the other elements terminated 
Here we have chosen to use the isolated-clement approach, 
Manuscript received May 20, 1985; revised September 16, 1983. This which is the simpler, although more approximate and less 
work was supported by the National Astronomy and lonosphere Center, which . 

is operated by Cornell University. Ithaca, NY, under à coetract with the accurate approach However, it is still better than previous 
National Science Foundation calculation methods in which no clement pattern has been 
The author is with the Electronics Research Laboratory, The Norwegian included mt all. In [4, p. 295] the statement is made: **for 
m of Technology, O.S. Bragstads Plass 6, N-7034, Troodheim-NTM example, in a slot array the isolated radiating shot weld be 
IEEF Log Number 8406416 embedded in a perfectly conducting ground screen." This 
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198/-88: 15 GHz military 
link project for EB NERA 


low volume) 








More than 930 000 hat antennas has been produced 
Started Comhat AB in 1997. 
mow these products are in LEAX Arkivator Telecom AB. 


Number of 

hat-fed reflector antennas 
800000 | sold since invention in 1986 
700000 | and renewed protection in 1997 
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Content 


Keys to success with inventions in my case 

— Basic principles (wire grid, PEC/PMC grid) 

— Characterization: Subefficiencies 

EISCAT VHF antenna (wire grid, two rods) 

— Wire grid » ring for INMARSAT Ship Earth station antenna 


Gregorian feed of Arecibo radio telescope 
— Corrugated horns = soft & hard surfaces 9 PEC/PMC strip grids 


— Mathematical model of line feeds = successful hat feed for radio 
links 


SKA 
— decade bandwidth = logperiodic antennas 3 eleven feed 
— Focal-plane arrays & MIMO arrays = decoupling efficiency 


Feed developed at UC Berkley 


1.20 m 





ATA- Artist's impression, bird's eye view 


İdea behind Eleven feed 
new invention 


* Two parallel dipoles over ground 
(Eleven configuration) 
— from book by Christiansen and | 
Högbom Radio Telescopes 1 
— equal E- and H-plane patterns 


— Beamwidth constant with frequenc 


— phase center is locked to the 
ground plane 


— low far-out sidelobes and 
backlobes. 


* Decade bandwidth by 
— Logperiodic 
— Folded dipoles 





Log-periodic feeds for reflector antennas, 2003 


Example: Lowest frequency 500 MHz 


, Old technology 
New technology 


1.20 m 








Background: 


UWB antennas = 
logperiodic 


The Eleven antenna: 
11 times smaller 
ves -and better 


Breakthrough in wideband 
technology 
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Directivity 11 dBi 
over more than a decade bandwidth 


Directivity 


And 11 > decade 





10 


5 
Frequency [GHz] 


Co- and crosspolar patterns in 45 deg plane 


total and with removed higher order fvarlations- 


4.00 GHz 
4.10 GHz 
4.20 GHz 
4.30 GHz 
0 - 4.40 GHz 
4.50 GHZ 
4.60 GHz 
4.70 GHz 
4.80 GHz 
4.90 GHz 


amplitude (dB) 
Relative level [dBi] 





theta (deg) 








oub-efficiencies from measured 
radiation patterns 


Looks good, except for 
BOR! efficiency below 
2.5 GHz and above 9 
GHz. 


BOR!1 efficiency is 
power lost in sidelobes 
due to higher order f 
variations. 


Efficiency (dB) 


5 6 
Frequency (GHz) 





8 9 10 11 12 13 


Leightweight 400 — 2000 MHz 
Eleven antenna version 





Weight 8.5 kg 
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— Basic principles (wire grid, PEC/PMC grid) 

— Characterization: Subefficiencies 

EISCAT VHF antenna (wire grid, two rods) 

— Wire grid » ring for INMARSAT Ship Earth station antenna 


Gregorian feed of Arecibo radio telescope 
— Corrugated horns = soft & hard surfaces 9 PEC/PMC strip grids 


— Mathematical model of line feeds = successful hat feed for radio 
links 


SKA 
— decade bandwidth = logperiodic antennas => eleven feed 
— Focal-plane arrays & MIMO arrays = decoupling efficiency 


‘We are going to develop new technology for both antennas and receivers for 
the SKA’, says John Conway, deputy director for Onsala Space Observatory. 
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Research efforts towards characterization of Mutual 
Coupling Effects in dense Focal Plane Arrays 


2002 First studies by M. Ivashina & A. van Ardenne (2002). 


2007 Invited lecture by Kildal on the characterization of reflector antennas feeds 
at the SKADS Marie Curie workshop, Dwingeloo 


2007 Introduction of the unified decoupling efficiency for array feeds by the 
CHALMERS-ASTRON team (M. Kehn, M. lvashina, P.-S. Kildal, and R. Maaskant) 


Since that time: 


. Calculations from 
S-parameters 


- Several common journal and conference 
papers, 

- FP7 MCA-VINNMER Fellowship 
(co-)funded by ASTRON and Chalmers, 

3 3 - 2 PhD projects on FPAs (co-)funded by 

Efficiency from formula 7 the Swedish and SA national research 

INO] | ٦ councils 


Decoupling efficiency, [dB] 





4 
Frequency, [GHz] 


Measurements of the FPA decoupling efficiency in 
the BlueTest reverberation chamber in Gothenburg 


Characterization in rich isotropic 
multipath in reverberation chamber 


3 x fixed chamber antennas with different orientation 
connected to a base station simulator or a VNA 
walls of 
reflective 
material 






DUT 


turntable 





load (head phantom or similar) 


Since 2010 Spin-off company Bluetest has success in market. 
Has now 35 employees and annual turnover of 90 Mkr 
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— Basic principles (wire grid, PEC/PMC grid) 

— Characterization: Subefficiencies 

EISCAT VHF antenna (wire grid, two rods) 

— Wire grid » ring for INMARSAT Ship Earth station antenna 


Gregorian feed of Arecibo radio telescope 
— Corrugated horns = soft & hard surfaces 9 PEC/PMC strip grids 


— Mathematical model of line feeds = successful hat feed for radio 
links 


SKA 
— decade bandwidth = logperiodic antennas => eleven feed 
— Focal-plane arrays & MIMO arrays = decoupling efficiency 


Keys to success with inventions In my case 


* Projects with scientific instruments and interaction with their users 
e Very basic EM principles 
Polarization-dependent PEC wire grid 
— Polarization-independent PEC/PMC wire grid 
Rethinking of the logperiodic antenna 

— BOR antennas 
٭‎ Characterization 

— We need to quantify good and bad 

— Related to physical phenomena 
e Protection 

— Patent protection defines ownership 

— Makes it easier to defend most places in the world 
e Commercialization 

— The ultimate proof of usefulness 


Canonical surface E-field polarization 
(non-gracing incidence) VERtical HORizontal 


Perfect Electric Conductor (PEC) STOP (reflects) STOP (reflects) 






































Horizontal PEC wire imi) STOP Um 
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Canonical Surface E- ہہ‎ Polarization 
Gracing incidence | VERor TM ~ or TM | HOR or TE 
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e | hope that this talk can inspire young 
engineers/scientists to work with SKA and to 
commercialize ideas originating from SKA 
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